For the 12-course radio range system, in which three modulation frequencies are used, a type of The 4-course indicator is the same as the 2-course indicator with the exception of a shutter and color system on its face to adapt it to any one of the four courses.
Each reed is tuned to one of the frequencies of modulation used at the radio range. The course is a zone in space where the strengths of the radio-range modulation frequencies are equal, each zone being indicated to the pilot by equality of amplitude of vibration of the two reeds. A deviation from the course is indicated by an increase in that reed amplitude on the side to which the airplane has deviated, and an equivalent decrease in the other reed amplitude.
A tuned-reed indicator designated as type F for the double-modulation (2-course) radio range has been described in a previous issue of this publication. 1 There has recently been developed a 1 2-course radio range system 2 in which three modulation frequencies are used and which gives 12 courses spaced about 30°apart. This requires a tuned-reed indicator useful on any one of the 12 courses. This paper describes such an indicator, which when used in conjunction with this radio range serves to give a pilot the following information: (a) Indicates when he is on any of the 12 courses; (6) indicates when off the course and approximately by how many degrees and whether to the right or left, and (c) indicates in case he becomes lost (which is hardly possible when using the radio range), which course he is nearest, how to turn to get to it, an4 which way he is flying on it; that is, whether "to" or "from" the radio range.
A 4-course indicator which was designed to meet the requirements of the 4-course radio range, which uses two modulation frequencies but produces four courses which may be oriented at will, is also described in this paper. therefore, be adopted. The reed unit shown in Figure 6 is designed to rotate within the inner cylinder shown in Figure 7 , this cylinder being held within an outer cylinder by means of eight springs. This outer cyUnder is fastened to the instrument board. The spring mounting is necessary to prevent the mechanical vibration from the airplane from operating the reeds at certain engine speeds. Slip rings shown in Figure 6 , on the rear of the indicator and brushes on the rear of the inner cylinder, serve to carry the current for operating the reeds and the light for illuminating them.
To show the words "To" and "From" on the indicator the proper side up, the reed unit shown in Figure 6 , is turned through 180°b y Figure 3 , the airplane is on one of the black courses, since the 108.3-cycle signal is nearly twice the 86.7 and 65-cycle signal operating the two equal reeds. Should the airplane have been on a red course, the third reed would have had zero amplitude. Having determined that the airplane is on one of the black courses, the shutters A and B ( fig. 1) are set to show black. There still remains the ambiguity as to which of the black courses the airplane is on, and as to the direction of flight.
Assume the black courses extend in a north and south direction as shown in Figure 11 . The airplane is flown by means of the magnet compassin one of these directions, say, north, and flown off course to the right. The reed box is turned in its mounting so that the right-hand reed is longest when off course to the right. If the word [V01.4 "From" exposed by shutter B is right side up, the airplane is flying north from the radio range on the northern black route OD. It can not fly north to the radio range along this line. If the word "To" exposed by shutter B is right side up, the airplane is flying north to the radio range on the southern black route OC. It can not fly north from the radio range along this line. Thus a pilot may definitely establish his location with respect to the radio range. The above system of procedure may be condensed into a few simple rules for the pilot to follow without any technical knowledge on his part of the radio range system. These rules, which a pilot should seldom find necessary to use, are as follows: (c) Shock-proof mounting.-Since it is necessary to plug in a different indicator of this type, if radio range courses using different modulation frequencies are to be used, the shock-proof mounting is made the same as that used with the type F, 2-course indicator.
APPLICATION OF THE REED INDICATOR TO THE 4-COURSE RADIO RANGE
A typical radiation characteristic for the 4-course radio range and the face of the 4-course reed box with shutter B are shown in Figure   13 .
The purpose of this shutter is the same as the similar shutter used on the 12-course reed box; that is, it reverses the "To" and "From," so the rule, "Longest reed shows side off course," will hold, regardless of the course being flown and direction of flight. In other words, it compensates for the reversal of the location of the frequencies of modulation with respect to the pilot's right and left on the 90°c ourses.
To adjust the reed box for use on a given course the pilot merely sets the shutter to show the color of the radio range course he is to fly as shown on his map, and plugs the indicator into its holder the proper side up to show the "To" or "From" right side up, depending [Vol. 4. upon whether he is flying "to" or "from" the radio range. In Figure 13 the shutter is set for a black airway, and the reed box is in a position for flying "from" the radio range. 
